The universality of critical amplitude ratios has been studied quite extensively in the literature. ' The observation that certain finite-size amplitudes in themselves are universal is fairly recent.
For two dimensions Cardy has derived some of these amplitudes from conformal invariance. Also, the universality of these quantities has been argued on the basis of renormalization-group and general scaling arguments. 4 Universality has been verified numerically in various two-dimensional models. '4' Although the renormalization-group and scaling arguments also apply in three dimensions we know of no prior numerical evidence in favor of the aforementioned universality.
In this Rapid Communication we report the results of a scaling analysis of surface free energies of finite threedimensional systems with free surfaces. The results were obtained employing a Monte Carlo simulation technique developed recently.
The calculations were done as. a function of aspect ratio, which measures-the system size perpendicular to the free surface in units of the size parallel to it. The results support the universality of the corresponding scaling function which describes the finite-size behavior of the excess free energy of a free surface in different three- For a full treatment of finite-size scaling theory for surfaces, and analytical calculations checking its validity we refer to a paper" by Au-Yang and Fisher, where also further references to the literature can be found. A brief summary is sufficient for our purposes.
The total free energy of a system with periodic boundary conditions in all directions is denoted I'; F" is the same quantity if the boundary conditions are periodic in all but the nj direction, in which they are free. The surface free energy per unit area of the two d -1 dimensional free surfaces is f"= (nba)'~( F" -F). Its singular part f,";"~s atisfies the scaling relation f,";"I(t, I/nt, I/~)) n= (ba )' f,";"g (b t, b/nj, b/n(() where t = ( T T, )/ T" the tempera-ture deviation away from the critical point. Note that at the critical point the difference of f" and f"", is precisely the critical surface free energy f". Since b is an arbitrary rescaling length it follows that at t = 0 the surface free energy is given in terms of a scaling function as follows:
f,";"r(0, 1/nt, I/n~~) = (nj a)' db (nt/n~~) (6) where g(x) =1/(1+ e"). '3 For the largest systems we considered, even expression (6) was inappropriate.
In those cases multistage sampling was employed to calculate separately the thermal averages according to E(I. (5) in The inset illustrates the sensitivity of the scaling plot to the critical surface free energy:
for the body-centered-cubic lattice f" was changed to 0.08105.
To test the method we first performed calculations on the square and triangular systems in two dimensions. We obtained f" =0.1817+0. 002 and 0.224+0.007, respectively, which, within the error bars, is in agreement with exact calculations for the square lattice. "
Having established that the method works, we discuss the data obtained for the sc and the bcc lattices. In a scaling plot the surface free energy of the system in the thermodynamic limit (i.e. , the regular part of the free energy) is the only fitting parameter used to collapse the data onto a single curve. Of course this surface free energy is lattice dependent, being roughly proportional to the number of broken bonds. Figure 1 shows, not only do the data collapse for the two lattices separately as predicted by scaling theory, but more importantly the two lattices are indistinguishable within the accuracy of our calculations: a striking illustration of the universality of the finite-size amplitude. In the inset of Fig. 1 the sensitivity of the scaling procedure to the value of the surface free energy is illustrated. Using the extent to which the data collapse as a measure of the er- 
